Kukuk PF (1996) Male dimorphism in
Lasioglossum (Chilalictus) We isotopically distinguish two pools of the same molecular substances, plant wax n-alkanes, within the soil matrix: a first pool amenable by organic extraction of the soil, and a second, bound pool amenable by extraction of the soil humin. This sequestration of apolar substances within humin by noncovalent bonds represents a novel way of preservation of soil organic matter. Furthermore, weak binding of apolar molecules has implications in agricultural and environmental fields. Soil organic substances can be naturally labeled by cultivation of Zea mays, a 13 C-enriched plant, on soils previously cropped with 13 C-depleted plants such as wheat [9] . As a result, soil organic carbon becomes progressively enriched in 13 C due to the addition of maize carbon. At any time of maize cultivation it is thus possible to distinguish by isotope balance the maize and wheat contributions within Fig. 1 . Distribution of n-alkanes from the soil extract (free) and from the humin extract (bound). Relative concentrations were measured by capillary gas chromatography coupled to a flame ionisation detector each soil organic component, allowing long-term turnovers to be calculated. Here, we hypothesized that if molecules are somehow trapped within the soil matrix, they should have a lower turnover than "free" molecules, due for instance to slower bioavailability and degradation. The free and bound fractions were isolated from a soil cropped 23 years with maize. The free fraction enriched in wax n-alkanes was obtained by exhaustive extraction of the soil with CHCl 3 -MeOH followed by silica gel chromatography steps [10]. Humin was then isolated from the extracted soil by NaOH extraction to remove humic and fulvic acids, followed by HF-HCl treatment to remove the main minerals [11] . CHCl 3 -MeOH extraction of humin followed by silica gel chromatography gave the bound fraction enriched in n-alkanes. Long-chain n-alkanes show similar distributions for the free and bound soil fractions (Fig. 1) . This typical distribution of odd-carbon-numbered n-alkanes implies that both fractions Table 1 . d
13 C values of n-alkanes and maize C content Noteworthy, the high accuracy of such calculations is confirmed by a recent study showing the absence of carbon isotope fractionation of plant n-alkanes in a 23-year field decomposition experiment [17] . Detailed experimental procedures are described elsewhere [9] [10] [11] . The Boigneville soil is a Hapludalf developed on loess containing 22% clay, 1% organic carbon, and 0.1% organic nitrogen. Typically, 0-30 cm cores, corresponding to the ploughed horizon, were sampled at random position in the fields, mixed, dried at 207 C, sieved to 2 mm to remove coarse debris, then finely ground: 100 g were thoroughly extracted with CHCl 3 -MeOH 3/1 v/v. Isolation of free n-alkanes: the extract (10.5 mg) was fractionated into acid and neutral fractions by passage through silica gel impregnated with KOH followed by HCO 2 H acidification. The neutral fraction was fractionated into polar, alcohol, ketone, and hydrocarbon-ester fractions by silica-gel thin layer chromatography using CH 2 Cl 2 as developer and 1,2 : 3,4-dibenzanthracene, friedelin, and cholesterol as reference compounds. Hydrocarbon-ester fractions were fractionated into alkane-alkene (0.4 mg, including the free n-alkanes), aromatic, and ester fractions by silica-gel thin layer chromatography using n-hexane as developer and 1-phenyldodecane, 2-methylphenanthrene, and 1,2 : 3,4-dibenzanthracene as reference compounds. Isolation of bound n-alkanes: the CHCl 3 -MeOH extracted soil was treated with NaOH 0.1 M to remove fulvic and humic acids, then with HF/HCl to give 1.34 g concentrated humin. The alkane-alkene fraction (8.5 mg, including the bound n-alkanes) was separated from the humin extract (28.1 mg) as described above. Isotopic analyses of individual n-alkanes from alkanealkene fractions (three or four replicates, deviation ^0.3‰) were carried out under a continuous helium flow using a Hewlett-Packard gas chromatograph coupled to a CuO furnace and a Finigan Mat 252 isotope ratio mass spectrometer. Accurate isotope values were measured by comparison with CO 2 , 5a-androstane and n-tetracontane standards are derived from plant sources [12] , namely maize and previously grown wheat, rather than from other living organisms. The high predominance of odd C 27 -C 35 n-alkanes is indeed a typical feature of plant cuticular waxes [13] . Moreover, since n-alkanes are nonfunctionalized, apolar substances, a similar distribution in the free and bound fractions means clearly that plants waxes have been trapped without chemical changes, such as degradation and covalent binding. Therefore the occurrence of these unaltered components in the humin extract shows that plant waxes can be trapped in the soil matrix by weak bonds. Nonetheless, based on these molecular observations it could also be argued that bound n-alkanes result from a low efficiency of soil extraction, unless an independent information shows that bound and free soil n-alkanes have different properties. Such information is produced by isotope analysis at the molecular level. Indeed, d
13 C values of bound n-alkanes are significantly depleted in 13 C relatively to free n-alkanes (Table 1, Fig. 2 ). Since each soil n-alkane is a mixture of 13 C-enriched n-alkane from maize and 13 C-depleted n-alkane from previously grown wheat, this finding implies that bound n-alkanes have less maize carbon than their free counterparts. Calculation of the maize contribution within individual compounds by isotope balance [9] indeed reveals that free n-alkanes contain 13B3% more maize-derived carbon than bound n-alkanes (Table 1). Bound n-alkanes are therefore composed of molecules that have on the average a lower turnover and a lower age than free n-alkanes. This age difference can be estimated by calculation of the cultivation time t at which free n-alkanes have had the same maize carbon content as the bound n-alkanes from the 23-year maize cultivated soil, using the following first-order kinetic law established for the C 31 n-alkane [9]: Ln[(100-M)/100]p-0.031 t, where M is the percentage of maize n-alkane within the C 31 soil n-alkane. The calculation gives a value of 16 years, meaning that if the bound C 31 n-alkane of the 23-years maize cultivated soil would derive from a once free C 31 n-alkane, the trapping occurred 7 years earlier on average. Furthermore, we have also studied another bound alkane fraction released by 6007 C pyrolysis of the extracted humin. Again, we observed the odd-carbon-numbered predominance of C 27 -C 33 n-alkanes, a typical feature indicating the input of plant waxes [13] . These pyrolysate n-alkanes have also been analyzed for 13 C compositions. The data show that d
13
C values of pyrolysate n-alkanes and of humin extract n-alkanes are very close (Table 2) . Such a finding clearly confirms the occurrence of an older pool of wax n-alkane trapped in humin. Moreover, it means that a part 
